SUMMARY Twenty patients aged between 12 months and 13 years underwent permanent pacemaker implantation. The main indication for pacing was post-surgical atrioventricular block. The complication rate was high and related mainly to infections and lead system problems. The use of small multiprogrammable pacemakers is expected to reduce the reoperation rate for system malfunction and elective replacement. Newer methods of electrode insertion and active fixation devices in smaller diameter leads make endocardial pacing a practical alternative to epicardial pacing in the larger child who did not require a pacing system at the time of surgery.
Implantation of permanent cardiac pacemakers in infants and children is often complicated by problems such as infection or unreliability of the pacing system. In this report we review our experience of pacemaker implantation in 20 children from 1970 to 1981, with particular emphasis on these aspects.
Patients and materials
Of 20 patients aged between 1 and 13 (mean 71) years at the time of initial pacemaker implantation, 5 patients had symptomatic congenital bradycardia and 15 had arrhythmias after surgical procedures for congenital cardiac defects (Table 1) . Complete atrioventricular (AV) block after surgery was the largest single indication for pacing. One patient developed sinus node dysfunction after total correction of Fallot's tetralogy. Details of the type of pacemaker and electrode used at first operation for implantation are shown in Table 2 . Lithiumpowered units have been used since 1975 and during the last 2 years we have implanted programmable.
(Telectronics 171) or multiprogrammable (Medtronic 5985) pacemakers. Seventeen patients had epicardial systems at initial operation. Of these, 15 had right ventricular epicardial systems, one a left ventricular epicardial system, and one child had an atrial triggered ventricular pacemaker. Three children, aged 10, 10, and 13 years, each without associated cardiac defects received endocardial systems (2 ventricular, 1 atrial). Two had juvenile sinuatrial disease and one had congenital AV block. In these patients an active fixation electrode was implanted (Helifix (Vitatron) in one patient, and Medtronic 6959 in two) (Fig. 1) , and the pacemaker was sited in the left prepectoral area. Pacemakers attached to epicardial electrodes were sited in the anterior abdominal wall in 16 patients. In one patient, a 1-year-old 9 2-kg girl, a programmable pacemaker was implanted in the left pleural cavity The pacing electrode was changed 15 times in 9 children ( Table 4 ). The median electrode survival was 43.5 months. In 9 children the original electrode is still functioning after follow-up from 6 to 136 months. In one patient a high threshold on an endocardial lead was discovered and a previously (implanted) left ventricular epicardial lead was reexposed and testing revealed a satisfactory threshold. The pacemaker was reattached to this lead, but the patient died suddenly 9 months later. Replacement endocardial electrodes were implanted in 10 instances (endocardial screw in 2 patients, tined leads 3 patients, flanged 2 patients, unknown 3 patients). Fig. 2 shows an endocardial screw-in electrode in a patient who had undergone a previous Rastelli procedure and implantation of an epicardial pacing system.
The pulse generator was changed on 16 occasions in 10 children. Elective change for end of life was undertaken 7 times in 5 children. The mean lifetime of these units was 30-3 ± 17 6 months. Two were Follow-up has ranged from 6 months to 11 years (mean 3 4 ± 3-0 years) with a total of 69 patient years. There have been 4 deaths of which 3 were sudden and may have been caused by pacemaker failure. One patient died with endocarditis but without evidence of an infected pacing system.
Discussion
In common with other published series of pacemaker implantation in children, the most frequent indication was postoperative AV block. Of a total of 577 paced children from thirteen series'-13 recently reviewed by Young'4 and four additional series15-'7 (including these data) 354 (61 4%) required pacing for surgically induced AV block ( Table 5 ). The incidence The incidence of complications in the present series is high but similar to that previously reported.'-'3 15-17 Problems related to the lead system were the most common major complications requiring reoperation. Late threshold rises (the largest single problem) tend to be higher with epicardial than endocardial electrodes43 44 and some series43-45 have suggested that the sutureless screwin electrode (Medtronic 6917 and 6917A) results in higher thresholds than other epicardial leads. In this series 5 of 7 reoperations for high threshold were in children with epicardial screw-in leads. Epicardial electrodes have also been more prone to conductor fracture and other primary electrode problems than are endocardial leads.4 4647 Ourown experience in adults48 would certainly support this view. The high incidence of lead system malfunction in children5 may be caused by the combined effects of growth, use of epicardial electrodes, and unrecognised electrode damage at the time of reoperation.
Infection and erosion also account for a large proportion of complications2 49 and in one series2 26 % of reoperations were for this problem.
It has been suggested that abdominal placement of the pacemaker is associated with a lower incidence of infection and extrusion.3 However, 4 (Fig. 2) 
